Propeller rotation is simulated in range of 7.5 rps -29rps and Re = 6.95x104-3.36x106.
The propeller for propulsion must be carefully designed in accordance with the specific vessel. The design and development of propeller for submarine has a difference from the propellers for surface vessels. The most important requirement is low noise as well as propeller efficiency, so submarine propeller must be optimized in terms of noise and efficiency. Sound generated by a propeller is critical in underwater detection, and it is often related to the survivability of the vessels. In this paper we considered only non-cavitation marine propeller induced noise and propeller performances using numerical simulation. Performance and noise of marine propellers using numerical simulations have been investigated by researchers. Generation of a method by aero acousticians Ffowcs Williams-Hawkings (FWH) for calculation of noise of an arbitrary body moving in a fluid can be considered a mile stone in acoustic predictions [1] . With the development in computing power and numerical practice, this method became available also for hydro-acoustic predictions. Seol et. al. [2] [5] studied and validated noise predictions for a NACA-0012 airfoil. Then they applied the same method to compute the broadband noise spectrum of an aircraft. On the other hand, after the 22nd ITTC Workshop on Propeller RANS/Panel Methods, a number of studies have been published [6] . Kawamura et. al. [7] ) comparatively analyzed different turbulence models for the prediction of open water performance for a conventional propeller. Later Li published his results of estimating open water characteristics of a highly skewed model propeller employing k-ω turbulence model and validation study with experimental data [8] . The detailed literature review on the prediction of open water performance of propellers can be found in 26th ITTC [9] . Propeller noise prediction employing k-ω SST turbulence model transient solution is performed with second order implicit pressure based solver [10] . Velocity and pressure coupled SIMPLE algorithm.
Firstly, a validation study has been carried out for the prediction of open water propeller hydrodynamic characteristics of B4.55 screw propeller using numerical simulation comparison with the experimental results data given in Troost [11] . The method used for the noise prediction is given in Numerical Simulation Section.
II. NUMERICAL SIMULATION

A. Method
This work is carried out using numerical simulation, which has a built-in marine propeller hydrodynamic performance coefficient (KT, Kq, η) with respect to advance coefficient (J) and Re equation. 
where xiand vi are the tensor form of axial coordinates and velocities, respectively. Then the momentum equation becomes;
where is δij is Kronecker Delta and − ′ ′ are the unknown Reynolds stresses.
ui is fluid velocity component in the xi direction, un is fluid velocity component normal to the surface f=0, vi is surface velocity component in the xi direction, vn is surface velocity component normal to the surface, δ (f) is Dirac delta function, H (f) is Heaviside function, Tij is Lighthill stress tensor, Pij is compressive stress tensor, p' is sound pressure at the far-filed (p'= p -p0). The solution to above Equation is obtained using the free-space Green's function. For the turbulence modelling, SST k-ω turbulence model is employed due to its good performance on wall bounded boundary layer flows [8] .
RANS formulation is used with absolute velocity selection. Transient solution is performed with second order implicit pressure based solver. Velocity and pressure coupled via SIMPLE algorithm. Least Squares Cell Based is used for gradient and second order for pressure discretization. For Momentum, Turbulent Kinetic Energy and Specific Dissipation Rate calculations, second order upwind scheme is selected.
B. B-series Propeller
The B4.55 propeller has been analyzed in open water condition. The Open water experiments were performed in the Wageningen towing tank. Results were presented by Troost [11] . 3-D views and the main particulars of the B4.55 propeller are given in figure 1and in Table 1 , respectively. In figure 1 the detailed mesh used for the study is presented. In order to model the propeller in the fluid environment, the solution field is divided into dynamic and static cylindrical frames, as depicted in Figure 2 . The dynamic frame simulates the propeller rotation and employs the Coriolis acceleration terms in the governing equations for the fluid. The dimensions of this frame are related to the propeller diameter. The static frame surrounds the dynamic frame. In this study, the domain size was chosen based on our previous work and some other numerical simulation works on marine propellers. The proposed dimensions proved to be the proper ones to achieve this end. The static frame is a cylinder with 3D diameter. The distance between the dynamic frame and inlet is nearly 2D, while it is nearly 5D for the outlet and dynamic frame. 
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C. Performance Prediction
Open water performance calculations of propeller was carried out at J=0.4-0.9. In addition, a mesh convergence study was performed for a propeller. In this study, different element sizes are considered. The best compromise between element size and accuracy has been obtained from the results of this work. A mesh independence study was performed meshes using 1291096 and 2959091 cells. The convergence of grid study can be seen in Table 2 
Number of cells KT (%) 10KQ (%) η (%)
D. Noise Prediction in Open Water
After the steady computations which were performed for the performance predictions of propeller, calculations were carried out transiently to predict the noise characteristics. In this study we studied non-cavitation noise in order to find the ranges of the Sound Pressure Levels, its development and the effect of non-cavitation noise on the SPL's. In Table 3 , N is rotational speed, Va is axial velocity of flow, ρ is density of water, ao is sound velocity and Pref is reference pressure in underwater. In this numerical simulation 3 hydrophones are used for extracting the Sound Pressure Levels (SPLs). The Position of Hydrophones and their coordinates are shown in Figure.4 and Table 4 , respectively. 
III. RESULT AND ANALYSIS
A. Propeller performances
The accurateness of prediction for the blade surface pressures is directly related to that of the propeller noise. Therefore, the result is validated with the experimental result in the no-wake flow condition. RANS calculations captured very well the values of thrust and torque at given advanced ratios. Figure 9 shows the comparison of thrust and torque of the propeller with respect to the advance coefficient J. The thrust coefficient KT and the torque coefficient KQ decrease when the advance coefficient increase, because the effective angle of attack for the blade is inversely proportional to the advance coefficient at the constant rotating speed. Table 5 shows the numerical results for thrust and torque which have a good agreement with the data experiment results in the overall range of the advance coefficient 
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B. Propeller Noise
Noise characteristics are presented according to the noise sources and operation conditions of the propeller. According to the results non-cavitation noise is incepted by increasing of flow velocity and propeller rotation speed.
The graph bellow represents the convergence history of the propeller sound pressure levels. The convergence criteria are considered as the difference between the values of the succeeding and preceding which are in the range of 10 -4 . The result of experiments shows that the SPL increase with the higher value of J as we can see in figure 10, 11 and 12. This phenomenon is caused by the increasing of the rotational speed of the propeller as well as the velocity of fluids that flows through the propeller. Higher rotational speed of propeller and the fluids that flows through the propeller cause turbulence which generate a higher propeller noise.
Additionally, the high rotational speed of propeller induces a propeller cavitation. According Bernoulli's Law, the flow of the water through the propeller blades causes higher pressure in the face than in the back of propeller. As the rotation of propeller increases, this pressure difference becomes much higher. Low pressure induces bubbles as the result of boiling of water in the back of propeller. The bubbles are collapsed as it impacts to the back of propeller which significantly contribute to induce the noise of propeller.
As can be seen in the figure 9 , the SPL resulted on hydrophone 3 which is positioned in the x-axis is higher compared with the result of the SPL on hydrophones 1 and 2 which are positioned on the right and top side at j-0.8 29 rps. This is because the turbulence and cavitation appear more significant in the position where the hydrophone 3 are located The contour of acoustic power level of the propeller can be predicted for all operational conditions. as can be seen in Figure. 13. This figure shows the case of the operational propeller at J=0.8-22 rps. In this figure, the ranges of Acoustic Power Level (dB) is shown using the colour differences. The power level countour which is the tip at face side and back is higher compared to the hub and root of propeller IV. CONCLUSION This paper investigated the hydrodynamic and noise phenomenon of a propeller in some operating conditions. A finite volume based RANS solver has been used to evaluate the performance of these systems. The result of this paper shows that the numerical are in good agreement with the experimental data. Propeller speed of 7.5,15, and 22 with flows velocity of 0.75 m/s-4.95 m/s for all noise prediction. The result of experiments shows that the overall SPLs for hydrophone 3 is higher than hydrophone 1 and 2 since since the higher turbulence and cavitation in the location of hydrophone 3. The ranges of SPLs increase with the increasing of flows velocity and rotational speed of propeller, since the increasing of both parameter affect on the increasing of turbulence and cavitation. The result showed that in the process of initiation of SPLs, the increasing effect of rotational speed of propeller was stronger than flow velocity at low frequency (J= 0.4-15 rps compared J= 0.8-7.5 rps). The obtained results can be used to optimize the operational parameter of derivate pattern of noise radiation at underwater vehicle.
